An investigation of the hepatic microcirculation and oxygen tension in 20 white rats showed that halothane anaesthesia was associated with a reduction in the diameter of the terminal portal venous branches, sinusoids and central veins, and with a decrease in the hepatic oxygen tension from 28.8 + 4.8 to 22.4 ±3.9 mm Hg (mean ±SEM). Enteral oxygen administration was followed by an increased blood flow in all the observed vessels, by an increase in the number of simultaneously filled sinusoids and also by an increase in the hepatic oxygen tension to 35.2+ 10.1 mm Hg. Subsequently, changes in blood flow in the hepatic artery and portal vein were investigated in 10 cats by cineangiography. During inhalation of halothane the hepatic artery blood flow was observed to increase by 30%, while portal vein blood flow was found to decrease by 57% of the initial value. Thus total hepatic blood flow was reduced by 40%, with the ratio of hepatic artery blood flow to total hepatic blood flow increasing from 19% to 43%. When enteral oxygen was administered, the total hepatic blood flow was restored to 92% of the value before anaesthesia. This resulted from an increase in the portal blood flow fraction only. It is concluded that disturbances in the liver circulation in cats and rats produced by halothane anaesthesia can be modified by the simultaneous administration of enteral oxygen.
Anaesthesia with halothane and ether has been shown previously to produce a reduction in the oxygen saturation of the portal blood, an increase in the portocaval pressure gradient, and a reduction in the total hepatic blood flow. Moreover, an inverse curvilinear relationship has been shown to exist between the portal blood oxygen saturation values and the portocaval pressure gradients (Gelman, 1970) . These data would suggest that by actively increasing portal blood oxygen saturation, one may decrease the portocaval pressure gradient by decreasing the vascular resistance of the portal system, thereby increasing the portal blood flow. The present investigation was undertaken to examine this proposition.
Enteral oxygen administration was used to increase portal blood oxygen saturation (Poupa, Kopecky and Chytil, 1957; Kaminsky, 1970) . The influence of enteral oxygen administration on the microcirculation of the liver was studied in rats. Changes in blood flow in the hepatic artery and the portal vein were studied in cats. 
METHODS
The hepatic microcirculation was examined with and without accompanying enteral oxygen in 20 white rats (wt. range 120-220 g) under halothane anaesthesia. The animals were initially anaesthetized with pentobarbitone 20 mg/kg i.m. To examine changes in the hepatic microcirculation, a microscope with a contact objective was used according to a technique suggested by Brumberg (1954) and described in detail by Seleznev and Yakubenas (1971) .
The liver was exposed through an upper midline abdominal incision and the lens of the microscopic objective was brought into contact with the liver surface. It should be stressed that no attempt was made to prevent respiratory movements of the liver, as fixation has been shown to produce significant microcirculatory changes. Microphotography was performed without light filters, using an exposure of rfio sec The dimensions of the vessels in the vascular bed of the liver were measured with an eyepiece micrometer.
Halothane 1.0-2.0% in oxygen was administered to the experimental group of 12 rats through a specially designed glass mask connected to an Ayre's T-piece delivery system (Ayre, 1956 ) with the animals breathing spontaneously ( fig. 1 ). The remaining eight control animals were given pure oxygen through the same apparatus.
Determinations of oxygen tension in the liver tissue were made periodically using an open platinum electrode (Hiemstra, 1965 ) with a spherical reactive surface diameter of 0.05-0.1 mm. The silver chloride reference electrode was inserted into the subcutaneous tissues of the leg. Measurements were recorded from
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FIG. 1. Glass mask and T-piece for inhalation anaesthesia in rats.
three different sites in the liver substance and the mean values were calculated. The results are expressed as oxygen tension in mm Hg. The electrodes were calibrated in normal saline before and after each experiment.
Arterial pressure was measured continuously in the femoral artery using a U-form mercury manometer. Observations and measurements were made during three separate phases of the experiment: (1) over a period of 30-40 min, before the administration of halothane; (2) over a 50-60-min period during halothane anaesthesia; (3) during halothane anaesthesia with the simultaneous slow administration of 10-15 ml of oxygen injected with a syringe and a fine needle into the lumen of the jejunum.
In the control group of eight rats which did not receive halothane, similar observations were made over a period of 2-3 hr. At the conclusion of the experiment they were given enteral oxygen also in the manner described above.
An investigation of blood flow through the hepatic artery and portal vein was performed in 10 cats (wt. range 3-4 kg). In preparation for the main experiments, a laparotomy was performed under ether anaesthesia and a polyethylene catheter was introduced into the proximal part of the portal vein through a branch of the superior mesenteric vein. The heparin-saline-filled catheter was then fixed with a suture to the small bowel mesentery, and its external end was brought out through the anterior abdominal wall and buried under the skin. The animals were allowed to recover. The main experiments were postponed for a period of 4-7 day after the laparotomy, to avoid the disturbances in liver circulation which have been shown to result from laparotomy itself (Gelman, 1972) . At the start of the main investigation, a polyethylene catheter was inserted under local anaesthesia into the aorta via the femoral artery and advanced to a point 0.5-1.0 cm above the origin of the coeliac artery. Several features of the liver circulation were then investigated by cine-angiography (Daniel and Prichard, 1951; Perm et al., 1963) ; the aorta and portal vein were rendered consecutively radio-opaque by the injection of 2-3 ml of 50% Urotrast, warmed to 37-38 °C. The examinations were made by means of a Philips electronic-optical amplifier with a 125-mm diameter field and an Arriflex cine-camera. Film speeds of 12 frames/sec were employed for investigation of the portal circulation, and 25 frames/sec for the hepatic artery circulation.
In evaluating the angiograms, the diameters of the liver vessels were measured, and the transit time of the contrast material was determined by noting the number of film frames required for a measured length of liver vessel to be made opaque by the Urotrast. The leading edge of the contrast bolus was used for estimating the velocity with which this material traversed the hepatic artery, while the trailing edge of the bolus was used in the case of the portal vein. The trailing edge was employed as the indicator in the portal vein to avoid inaccuracies resulting from a possible transient increase in portal vein pressure induced by the injection itself.
In determining the size of the blood vessels, their dimensions as seen on the screen of the enlarger were compared with those of an adjacent vertebral body, the exact measurements of which were subsequently ascertained during autopsy (Seleznev, Granov and Sinitsyn, 1968) .
The blood flow velocity was calculated according to the formulae: and = 6xlO-2 where V = linear velocity of blood flow (mm/sec), / = length (mm) of the section of the vessel traversed by the contrast material, in the time t, t =time (sec) taken for the contrast material to pass through the particular length (/) of the vessel, and calculated from the number of photographic frames exposed, <2 = blood flow (ml/min), r = radius of the vessel (mm), 7T =3.14. Investigation of the hepatic artery and portal vein circulation by cine-angiography was performed during three phases of the experiment: (1) 30 min after the initial preparation of the animal had been completed. This included adequate immobilization, tracheostomy, insertion of the catheter into the aorta, and exposure of the buried end of the previously introduced portal vein catheter. All these manoeuvres were performed under local anaesthesia; (2) 30-40 min after induction of halothane anaesthesia administered to six of the experimental animals which breathed spontaneously through a glass tracheostomy cannula connected to an Ayre's T-piece system. The four cats in the control group were treated in the same manner but were not given halothane; (3) during the additional administration of intragastric oxygen at a rate of 100-150 ml/min via a thin rubber orogastric tube. The excess oxygen spilled through the oesophagus and mouth.
The results were evaluated statistically using Wilcoxon's non-parametric test for comparing the results obtained during the three successive phases of the experiment, while differences between the experimental and control groups were assessed by Student's t test (Snedecor, 1957) .
RESULTS

Observations in rats
Examination of the microcirculation in the normal rat liver showed anastomosing and branching sinusoids, 5-6 jj.m in diameter, through which blood flowed rapidly from the terminal portal venous branches to the central veins. These sinusoids showed irregular and rapidly occurring fluctuations in both appearance and content. Some sinusoids were filled with erythrocytes moving rapidly towards the central veins and, after a short period varying from several seconds to almost a minute, emptied and disappeared, while adjacent sinusoids then filled with blood.
The central veins were seen distinctly as vessels varying in form and diameter from 15 to 50 \t.m, with a more or less rapid blood flow. Portal venous branches were seen usually as rounded vessels 8-10 (xm in diameter with unclear edges from which blood flowed in a radial direction towards the sinusoids. Less frequently, the terminal portal venous branches were revealed as V-form vessels 6-8 (xm in diameter with blood flowing towards the sinusoids. The hepatic arterioles could not be defined clearly. The partial pressure of oxygen in the liver tissue at this stage was 28.8 ± 4.8 mm Hg (mean ± SEM).
The administration of halothane was accompanied by a reduction in the diameter of the terminal portal venous branches, sinusoids and central veins and also by a decrease in the number of sinusoids which were filled simultaneously. During this phase a deceleration in the linear speed of the blood flow was noted in all the observed hepatic vessels, especially in the sinusoids and portal branches. The hepatic oxygen partial pressure decreased to 22.4+3.9 mm Hg Enteral oxygen administration was followed by an increased blood flow in all the observed vessels, particularly in the portal venous branches and in the sinusoids. The number of simultaneously filled sinusoids increased and a dilatation of the terminal portal venous branches was noted. The blood flow in these vessels increased and the blood became a brighter colour of red. The liver tissue appeared to be more extensively filled with blood. The central veins, which had narrowed during the administration of halothane, were observed to have increased in diameter with the administration of enteral oxygen. However, they did not become as large as they were before halothane was administered ( fig. 2 ). In the third phase of the investigation the partial pressure of oxygen in the liver tissue increased to 35.2 ± 10.1 mm Hg(P<0.05, fig. 3 ).
In the control group of rats which was not given halothane a similar increase in the size of the hepatic vessels and in the linear velocity of the blood flow was observed during enteral oxygen administration.
Observations in cats
Cine-angiographic investigation of the hepatic circulation during halothane administration showed a diminution in the linear velocity of blood flow in both the portal vein and the hepatic artery although the changes in hepatic artery values were not statistically significant. Subsequent administration of enteral oxygen caused a 30% increase in the linear velocity of the portal blood flow.
The calculated changes in blood flow were more striking. During halothane administration a moderate increase in hepatic artery blood flow was observed, 30% more than the values recorded before halothane administration. However, the portal blood flow decreased markedly, a 57% reduction from the initial values being recorded. Thus the overall hepatic blood flow was reduced by 40% approximately. It should be stressed that, with these changes, the ratio of hepatic artery blood flow to total hepatic blood flow increased significantly, from 19 to 43% (fig. 4) . In the third phase, when enteral oxygen was administered, the total hepatic blood flow was increased. This change resulted from an increase in the portal blood flow fraction only, while the hepatic artery blood flow did not alter significantly (table I) .
DISCUSSION
A decrease in total hepatic blood flow in man during halothane anaesthesia has been documented previously (Epstein et al., 1965; Pichlmayr et al., 1966; Deutsch, 1967; Cooperman, 1972; Larson et al., 1974) . Measurements during halothane anaesthesia in monkeys revealed a similar decrease in portal vein blood flow (Lees et al., 1971) . The results of our experiments in both the animal species employed showed also that halothane anaesthesia produced a significant decrease in total hepatic blood flow. This was revealed in the cat (table I) by a decrease in the portal blood flow fraction, and in the rat by narrowing of the terminal portal vein branches ( fig. 2) . It is difficult to determine the exact mechanism of these changes. It is possible that a decrease in cardiac output was responsible for the vasoconstriction observed in the portal vasculature. Ahlgren and colleagues (1967) , and Juhl and Einer-Jensen (1974) have demonstrated a correlation between the decrease in cardiac output during halothane anaesthesia and the simultaneous reduction in the total hepatic blood flow. It is likely that the reduction in cardiac output leads to a compensatory vasoconstriction in the splanchnic system and thus to a narrowing at the presinusoidal inlet sphincter in the liver. However, this is not necessarily the only mechanism by which halothane may induce vascular changes in the liver, and consideration should be given also to possible intrinsic mechanisms operating within the liver. For example, it has been shown that an inverse relationship exists between the concentrations of oxyhaemoglobin in the portal blood and the portocaval pressure gradient, a variable which reflects portal vascular resistance (Gelman, 1970) . Furthermore, one should consider the changes which we have demonstrated in the hepatic circulation following the administration of enteral oxygen during halothane anaesthesia; notably an increase in portal blood flow in the cat and an increase in blood flow in the terminal portal branches and sinusoids in the rat. It is conceivable that the oxygen content of the portal blood per se influences the tone of the hepatic presinusoidal inlet sphincter.
It is notable that, as the total hepatic blood flow diminished during the period of halothane administration, there was a simultaneous increase in both the relative and also the absolute hepatic artery blood flow. It has been observed previously that the hepatic artery blood flow may increase during anaesthesia induced by several different drugs. Such an increase was noted in Rhesus monkeys receiving halothane anaesthesia (Lees et al., 1971) , during pentobarbitone narcosis in dogs (Katz and Bergman, 1969) , and in cats during ether anaesthesia with and without moderate ganglion blockade (Gelman, 1973) . This increase in the arterial hepatic blood flow fraction would appear to be compensatory in nature and may prevent liver hypoxia at a time when both the flow and the oxygen content of the portal blood may be diminished.
The data obtained in this study emphasize that when studying the response of the liver circulation under varying conditions, not only should the total hepatic blood flow be taken into account, but also its two separate component fractions, portal and arterial. In addition, the results of this investigation show that disturbances in hepatic circulation produced by halothane anaesthesia in animals may be modified by the simultaneous administration of enteral oxygen. Seleznev, S. A., Granov, A. M., and Sinitsyn, N. V. (1968) .
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SUMARIO
Una investigation de la microcirculacion hepatica y de la tension de oxigeno en 20 ratas blancas mostro que la anestesia de halotano estaba ligada con una reduction en el diametro de las ramas venosas portales terminales, sinusoides y venas centrales, y por una disminucion en la tension del oxigeno hepatico de 20,8 ±4,8 a 22,4 ±3,9 mm Hg (media ± SEM). A la administraci6n de oxigeno enteral sigui6 un creciente flujo sanguineo en todos los vasos examinados, un aumento en el numero de sinusoides simultaneamente llenas y tambien una elevation en la tension del oxigeno hepatico a 35,2 ±10,1 mm Hg. Posteriormente se investigaron los cambios en el flujo sanguineo en la arteria hepatica y en la vena portal en 10 gatos por cineangiografia. Durante la inhalation de halotano se observo que el flujo de sangre arterial hepatica aumentaba en un 30%, mientras que se hallo que el flujo sanguineo de la vena portal bajaba en un 57% de sus valores iniciales. Asi, el flujo de sangre hepatica total se redujo en un 40% con la proportion de flujo de sangre arterial hepatica al flujo de sangre hepatica total aumentando del 19% al 43%. Cuando se administro el oxigeno enteral el flujo de sangre hepatica total volvio al 92% del valor anterior a la anestesia. Este fue el resultado de un incremento de una fraction del flujo de la sangre portal solamente. Se llega a la conclusi6n de que las perturbaciones en la circulation del higado en gatos y ratas producida por anestesia de halotano puede modificarse por la administration de oxigeno enteral.
